INTRODUCTION {#sec1-1}
============

Respiratory infections are a major cause of morbidity and mortality in developing countries especially in infants, children, and the elderly \[Gwatkin, [1980](#bib22){ref-type="ref"}; Leowski, [1987](#bib32){ref-type="ref"}; Campbell, [1995](#bib9){ref-type="ref"}; Hwang et al., [2007](#bib28){ref-type="ref"}\]. In industrialized countries, acute respiratory infections cause enormous direct and indirect healthcare costs, in addition to being a major cause of morbidity. They can also be an important cause of mortality among children, the elderly, and immunocompromised patients \[Glezen et al., [2000](#bib19){ref-type="ref"}; Barsaoui et al., [2001](#bib5){ref-type="ref"}; Bianco et al., [2002](#bib7){ref-type="ref"}\]. The causative agents of acute respiratory infections encompass a wide variety of microorganisms. Viral causes may be responsible for more than 35% of lower respiratory tract infections \[Barsaoui et al., [2001](#bib5){ref-type="ref"}; Siritantikorn et al., [2002](#bib47){ref-type="ref"}\]. Respiratory syncytial virus, followed by parainfluenza, and influenza viruses are the most common viruses to cause lower respiratory tract infections \[Shann, [1986](#bib57){ref-type="ref"}; Puthavathana et al., [1990](#bib42){ref-type="ref"}; Siritantikorn et al., [2002](#bib47){ref-type="ref"}\]. Indeed, respiratory syncytial virus may be responsible for more than 78% of lower respiratory tract infections among children \[Barsaoui et al., [2001](#bib5){ref-type="ref"}; Carballal et al., [2001](#bib10){ref-type="ref"}; Hall et al., [2001](#bib23){ref-type="ref"}; Zambon et al., [2001](#bib54){ref-type="ref"}; Siritantikorn et al., [2002](#bib47){ref-type="ref"}\].

In developing countries, respiratory syncytial virus was shown to be responsible for up to 40% of cases with pneumonia and/or bronchiolitis \[Barsaoui et al., [2001](#bib5){ref-type="ref"}; Siritantikorn et al., [2002](#bib47){ref-type="ref"}\]. Influenza viruses may also be an important cause of lower respiratory tract infections in both children and the elderly, but with a shorter duration of illness \[Zambon et al., [2001](#bib54){ref-type="ref"}\]. Adenoviruses, generally, are quite notorious in causing outbreaks among military recruits \[Sanchez et al., [2001](#bib45){ref-type="ref"}\] but have also been reported in children \<5 years of age \[Larranaga et al., [2000](#bib31){ref-type="ref"}\]. Although human rhinoviruses are the most common upper respiratory pathogens, inducing the majority of common colds worldwide, recent evidence has suggested an association between human rhinoviruses with asthma exacerbations, including severe episodes requiring hospitalization. This indicates that human rhinovirus infections can result in serious disease \[Miller et al., [2007](#bib37){ref-type="ref"}; Louie et al., [2009](#bib34){ref-type="ref"}\]. Current evidence supports the notion that human rhinoviruses infect the lower airways, inducing a local inflammatory response \[Papadopoulos et al., [2000](#bib39){ref-type="ref"}\]. Such evidence suggests that the role of human rhinoviruses in other lower respiratory diseases, such as pneumonia, bronchitis, bronchiolitis, and cystic fibrosis, should be re‐examined with more sensitive molecular techniques.

Very few studies have been conducted to document the role of viral infections and lower respiratory tract disease in the Gulf region despite the fact that acute respiratory disease and pneumonia are very common in countries like Kuwait \[Hijazi et al., [1997](#bib25){ref-type="ref"}, [1996](#bib24){ref-type="ref"}\]. Previous studies have shown that the molecular techniques based on PCR were far more sensitive and reliable than conventional virus isolation in tissue culture or viral antigen detection by immunofluoresence tests \[Wendt, [1997](#bib51){ref-type="ref"}; Macek et al., [1999](#bib35){ref-type="ref"}; Weigl et al., [2000](#bib50){ref-type="ref"}; Drosten et al., [2003](#bib14){ref-type="ref"}; Ksiazek et al., [2003](#bib30){ref-type="ref"}; Mackay et al., [2003](#bib36){ref-type="ref"}; Rota et al., [2003](#bib44){ref-type="ref"}; Simpson et al., [2003](#bib46){ref-type="ref"}\]. In this study sensitive and reliable PCR techniques were used to investigate the role of 10 different respiratory viruses in causing serious lower respiratory tract infections in patients admitted to hospital in Kuwait.

MATERIALS AND METHODS {#sec1-2}
=====================

Study Population {#sec2-1}
----------------

The study included both children and adult patients (n = 1,014) suffering from lower respiratory tract infections. The WHO criteria for lower respiratory tract infections in children were used \[WHO, [2003](#bib52){ref-type="ref"}\]. Furthermore, the American Thoracic Society criteria were used for lower respiratory tract infections in adults \[American Thoracic Society, [2001](#bib3){ref-type="ref"}, [2005](#bib4){ref-type="ref"}\]. Patients were admitted to Mubarak Al‐Kabir Hospital, Kuwait. The specimens included nasopharyngeal aspirate, nasopharyngeal swabs, bronchoalveolar lavage, and tracheal aspirate. They were collected in the hospital and processed at the Virology Unit, Faculty of Medicine, Kuwait University for the presence of viral nucleic acid using PCR techniques. The study population included 542 male and 472 female patients. Of the 1,014 patients with lower respiratory tract infections, 155 (53.8%) presented with bronchiolitis, 100 (34.7%) with pneumonia, and 33 (11.5%) with croup. The age of the patients ranged between 3 days and 76 years. The majority of samples were collected during autumn and winter. Autumn in Kuwait lies between September and November and Winter lies between December and March.

RNA and DNA Isolation {#sec2-2}
---------------------

Nasopharyngeal aspirate, bronchoalveolar lavage, and tracheal aspirate were processed directly for nucleic acid isolation; as for the nasopharyngeal swab, Tris--EDTA buffer was added before carrying the nucleic acid isolation procedure. Nucleic acid was extracted from the reference strains and from the clinical specimens using QIAamp mini kit (Qiagen Ltd. West Sussex, UK) according to manufacturer\'s instructions and stored at −80°C if they were not processed in the same day.

Duplex (dPCR) and Triplex PCR (tPCR) {#sec2-3}
------------------------------------

Upon extraction of the RNA from clinical specimens, determination of the presence of viral nucleic acid was done. Three PCR formats were designed in this study. Duplex PCR (dPCR) was designed to detect influenza A and B viruses. Primers used in dPCR were targeting genes for non‐structural proteins of influenza A virus (from nucleotides 467 to 656) and influenza B (from nucleotides 732 to 977) \[Grondahl et al., [1999](#bib20){ref-type="ref"}\]. Triplex PCR (tPCR1) contained three other primer sets, which targeted the fusion protein gene of respiratory syncytial virus (from nucleotides 6227 to 6466), the hemagglutinin--neuraminidase gene of parainfluenza virus‐1 (from nucleotides 7372 to 7551), and the fusion protein gene of parainfluenza virus‐3 (from nucleotides 5073 to 4907) \[Grondahl et al., [1999](#bib20){ref-type="ref"}\]. The third PCR was also a tPCR (tPCR2), and was designed to detect human rhinoviruses, human coronavirus‐229E, and human coronavirus‐OC43. tPCR2 contained three other primer sets which targeted the VP4 protein of human rhinoviruses (from nucleotides 452 to 566) \[Pitkäranta et al., [1997](#bib41){ref-type="ref"}\], and N protein of human coronavirus‐299E, human coronavirus‐OC43 (nucleotides 762--1219 and 655--1025, respectively) \[Vabret et al., [2001](#bib48){ref-type="ref"}\].

Single PCR {#sec2-4}
----------

Single PCR was used to detect adenoviruses and parainfluenza‐2 \[Echevarría et al., [1998](#bib15){ref-type="ref"}; Grondahl et al., [1999](#bib20){ref-type="ref"}\]. Adenovirus primers targeted genes for hexon protein of adenoviruses (from nucleotides 2755 to 2888) \[Grondahl et al., [1999](#bib20){ref-type="ref"}\] and the hemagglutinin--neuraminidase gene of parainfluenza virus‐2 (from nucleotides 803 to 822) \[Echevarría et al., [1998](#bib15){ref-type="ref"}\] were not incorporated in the dPCR or tPCR as it affected the sensitivity and specificity of the test (data not shown). Adenovirus and parainfluenza virus‐2 primers were therefore used in a single PCR mix and RT‐PCR mix, respectively.

PCR and RT‐PCR Conditions {#sec2-5}
-------------------------

The RT step was performed for 60 min at 37°C in 10‐µl reaction volume containing 1× Gene Amp RNA PCR buffer, 5 µl of 25 mM MgCl~2~, 1 mM of each deoxynucleoside triphosphates, 2.5 µM of random hexamers, 0.5 µl RNAse inhibitor, 3 µl of viral nucleic acid, and 2.5 U/µl of reverse transcriptase enzyme (Gene Amp RNA Core Kit; Applied Biosystems, Chicago, IL). Following heat inactivation of the reverse transcriptase at 90°C for 5 min, the entire reaction mixture was used for PCR in a total volume of 50 µl. The reaction mix composition was 2 mM MgCl~2~ solution, 1× PCR buffer (0.02 pg) of each forward and reverse primer, and 0.05 µl of 5 U/µl Ampli Taq DNA Pol. PCR was performed as follows: 94°C denaturation for 1 min followed by 40 cycles of denaturation at 94°C for 30 sec, annealing at 50°C for 30 sec, elongation at 72°C for 30 sec, and final extension at 72°C for 7 min. Water was used, instead of nucleic acid, as a negative control. ATCC reference virus strains of adenoviruses (VR‐4), influenza A (VR‐544), influenza B (VR‐523), parainfluenza 1 (VR‐105), parainfluenza 2 (VR‐92), parainfluenza 3 (VR‐93), respiratory syncytial virus (VR‐26), coronavirus type 229E (VR‐740), and coronavirus type OC43 (VR‐759), and rhinovirus type 14 (VR‐284) were included as positive controls to validate each test.

Confirmatory Tests {#sec2-6}
------------------

In order to confirm the result of the PCR product, a hybridization technique was performed as previously described by Grondahl et al. [1999](#bib20){ref-type="ref"}.

Testing PCR Specificity {#sec2-7}
-----------------------

The specificity of PCR was established for each PCR format using a panel of ATCC reference viruses to check for cross reactivity.

RESULTS {#sec1-3}
=======

Of the 1,014 patients investigated, 28.4% had evidence of a virus infection. All positive samples were confirmed by hybridization (Table [I](#tbl1){ref-type="table"}). Respiratory syncytial virus was detected in 36.8%, human rhinoviruses in 34.4%, adenoviruses in 15.2%, and influenza A virus in 7.3% in samples from these patients. The incidence of parainfluenza virus‐1, influenza B, and parainfluenza virus‐3 infections were low and accounted for 3.1%, 2.1%, and 1% of these patients, respectively. On the other hand, human coronavirus‐229E, human coronavirus‐OC43, and parainfluenza virus‐2 were not detected among any of the samples from patients investigated.

###### 

Viruses Detected in Patients With Lower Respiratory Tract Viral Infections in Kuwait

  Type of viral infection            Positivity rate, n (%)
  ---------------------------------- ------------------------
  Respiratory syncytial virus        106 (36.8)
  Human rhinoviruses                 99 (34.4)
  Influenza A virus                  21 (7.3)
  Adenoviruses                       44 (15.2)
  Influenza B virus                  6 (2.1)
  Parainfluenza virus‐1              9 (3.1)
  Parainfluenza virus‐3              3 (1.0)
  Parainfluenza virus‐2              0
  Human coronavirus‐229E and ‐OC43   0
  Total positives                    288 (28.4)
  Total negatives                    726 (71.6)
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One hundred sixty‐eight of the 288 (58.3%) patients with lower respiratory tract infections were aged \<1 year (Table [II](#tbl2){ref-type="table"}). Of these, respiratory syncytial virus was detected in 53%, human rhinoviruses in 30%, and adenoviruses in 10% of these infants. The number of males with lower respiratory tract infections in this group (\<1 year) was slightly higher than females, with a M/F ratio of 1.5:1. The M/F ratios of patients from 1 to 5 years of age also were higher in males than females (1.4:1). The majority (57.1%) of influenza virus infections were among those older than 16 years of age (Table [II](#tbl2){ref-type="table"}). The male‐to‐female ratio in this age group of patients (≥16 years) was slightly lower than the younger patient group (M/F ratio of 1.2:1). Overall, the majority of lower respiratory tract infections (74.6%) were among children \<5 years of age. Table [III](#tbl3){ref-type="table"} shows the clinical syndromes and the etiological agents. The majority of the 69.7% patients who presented with croup and 30.3% with bronchiolitis had respiratory syncytial virus in their samples. On the other hand, 36.8% and 42% of those presenting with bronchiolitis and pneumonia had human rhinoviruses in their samples, respectively.

###### 

Distribution of Patients With Lower Respiratory Tract Infection in Relation to Age and Causative Agent

  Type of virus                       \<1 year, n (%)   1--5 years, n (%)   5--16 years, n (%)   \>16 years, n (%)   Total
  ----------------------------------- ----------------- ------------------- -------------------- ------------------- -------
  Respiratory syncytial virus         89 (52.9)         13 (27.6)           1 (7.7)              3 (5)               106
  Human rhinoviruses                  50 (29.7)         17 (36.1)           5 (38.5)             27 (45)             99
  Influenza A virus                   4 (2.3)           3 (6.4)             2 (15.4)             12 (20)             21
  Adenoviruses                        17 (10)           11 (23.4)           3 (23.1)             13 (21.7)           44
  Influenza B virus                   1 (0.6)           3 (6.4)             1 (7.7)              1 (1.6)             6
  Parainfluenza virus‐1               4 (2.3)           ---                 1 (7.7)              4 (6.7)             9
  Parainfluenza virus‐3               3 (1.8)           ---                 ---                  ---                 3
  M/F ratio[a](#fn1){ref-type="fn"}   1.5:1             1.4:1               1.2:1                1:1                 1.3:1
  Total positives                     168 (58.3%)       47 (16.3%)          13 (4.5%)            60 (20.8%)          288

Male to female ratio.
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###### 

Distribution of Patients With Lower Respiratory Tract Infection in Relation to Symptom Presentation

  Type of virus                           Croup, n (%)   Bronchiolitis, n (%)   Pneumonia, n (%)
  --------------------------------------- -------------- ---------------------- ------------------
  Respiratory syncytial virus (n = 106)   23 (69.7)      47 (30.3)              36 (36)
  Human rhinoviruses (n = 99)             ---            57 (36.8)              42 (42)
  Influenza A virus (n = 21)              2 (6.1)        12 (7.7)               7 (7)
  Adenoviruses (n = 44)                   ---            32 (20.7)              12 (12)
  Influenza B virus (n = 6)               2 (6.1)        3 (1.9)                1 (1)
  Parainfluenza virus‐1 (n = 9)           4 (12.1)       3 (1.9)                2 (2)
  Parainfluenza virus‐3 (n = 3)           2 (6.1)        1 (0.7)                ---
  Total positives (n = 288)               33 (11.5)      155 (53.8)             100 (34.7)
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Table [IV](#tbl4){ref-type="table"} shows the distribution of viruses detected in relation to the type of sample collected from the patients. One hundred twenty‐one (42%) of the viruses were detected in nasopharyngeal aspirate samples while 29.2% were detected in nasopharyngeal swabs, 23.6% in bronchoalveolar lavages, and 5.2% in tracheal aspirates.

###### 

Distribution of Detected Viruses in Relation to the Type of Specimen Collected

  Type of virus                           Nasopharyngeal swab, n (%)   Nasopharyngeal aspirate, n (%)   Bronchoalveolar lavage, n (%)   Tracheal aspirate, n (%)
  --------------------------------------- ---------------------------- -------------------------------- ------------------------------- --------------------------
  Respiratory syncytial virus (n = 106)   33 (31.1)                     47 (44.3)                       20 (18.9)                       6 (5.7)
  Human rhinoviruses (n = 99)             29 (29.3)                     45 (45.5)                       21 (21.2)                       4 (4.0)
  Influenza A virus (n = 21)              4 (19)                         5 (23.8)                       10 (47.6)                       2 (9.5)
  Adenoviruses (n = 44)                   13 (29.5)                     16 (36.4)                       13 (29.5)                       2 (4.5)
  Influenza B virus (n = 6)               2 (33.3)                       2 (33.3)                       2 (33.3)                        ---
  Parainfluenza virus‐1 (n = 9)           2 (22.2)                       4 (44.4)                       2 (22.2)                        1 (11.1)
  Parainfluenza virus‐3 (n = 3)           1 (33.3)                       2 (66.6)                       ---                             ---
  Total positives (n = 288)               84 (29.2)                    121 (42.0)                       68 (23.6)                       15 (5.2)
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Figure [1](#fig1){ref-type="fig"} shows that the majority of the patients with viral lower respiratory tract infections over the 3‐year period of the study were hospitalized during autumn and winter (October to March) with a peak incidence during December and January.

![Seasonal distribution of respiratory viruses in patients with lower respiratory tract infections in Kuwait.](JMV-82-1462-g001){#fig1}

DISCUSSION {#sec1-4}
==========

This is the first study in this region that investigated the role of 10 different respiratory viruses in lower respiratory tract infections in hospitalized patients using sensitive molecular methods over a 3‐year period. Therefore, data from this study would be of interest both locally and internationally.

In this study, 74.6% of the patients were under the age of 5 years, 58.3% were less than 1 year of age. This age distribution is similar to that reported by other studies from elsewhere \[Denny and Clyde, [1983](#bib13){ref-type="ref"}; Al‐Hajjar et al., [1998](#bib1){ref-type="ref"}; Farshad et al., [2008](#bib16){ref-type="ref"}\]. Male patients under the age of 5 years in this study tended to have a slightly higher incidence of lower respiratory tract infections when compared to female patients but over the age of 6 years the male‐to‐female sex ratio was almost similar. This is in general agreement with findings by other studies \[Glezen and Denny, [1973](#bib18){ref-type="ref"}\]. Bronchiolitis and pneumonia were the most frequent clinical features found to be associated with lower respiratory tract viral infections among patients in this study. This is similar to that reported from other parts of the world \[Hijazi et al., [1996](#bib24){ref-type="ref"}; Al‐Hajjar et al., [1998](#bib1){ref-type="ref"}; Barsaoui et al., [2001](#bib5){ref-type="ref"}\].

Respiratory syncytial virus was detected in 36.8% of the patients. Of these 84% were aged \<1 year, and thus, respiratory syncytial virus was by far the most common virus detected in infants with lower respiratory tract infections in Kuwait. Significantly, perhaps, 69.7% of those in whom respiratory syncytial virus was detected, had croup and 30.3% had bronchiolitis. This is also in agreement with a number of published studies from the Gulf region and elsewhere \[Al‐Hajjar et al., [1998](#bib1){ref-type="ref"}; Wahab et al., [2001](#bib49){ref-type="ref"}; Al‐Toum et al., [2006](#bib2){ref-type="ref"}; Farshad et al., [2008](#bib16){ref-type="ref"}; Kaplan et al., [2008](#bib29){ref-type="ref"}\]. It was important to find in this study that human rhinoviruses were the second viruses detected most commonly in samples from patients with lower respiratory tract infections, since 34.4% of patients appear to have been infected with this virus. Also very importantly that 50.5% who had rhinoviruses were infants aged \<1 year. Significantly, 42% of the patients infected with rhinoviruses had pneumonia and 36.8% had bronchiolitis. Others have also reported human rhinoviruses in children admitted to hospital with lower respiratory tract infections \[Calvo et al., [2007](#bib8){ref-type="ref"}; Chung et al., [2007](#bib11){ref-type="ref"}; Peltola et al., [2008](#bib40){ref-type="ref"}\]. In contrast, adenoviruses were detected in only 15.2% of the patients, 38.6% of whom were infants aged \<1 year. Nearly 23% of adenovirus infections were associated with bronchiolitis and 12% with pneumonia. In a number of recent reports, adenoviruses were detected in infants suffering from lower respiratory tract infections \[Hong et al., [2001](#bib27){ref-type="ref"}; Al‐Toum et al., [2006](#bib2){ref-type="ref"}; Zhang et al., [2007](#bib56){ref-type="ref"}; Kaplan et al., [2008](#bib29){ref-type="ref"}\]. In Turkey, both respiratory syncytial virus and adenoviruses were detected with a frequency of 31.5%, and these were the most common agents causing disease in infants \[Yüksel et al., [2008](#bib53){ref-type="ref"}\].

The overall incidence of influenza A virus infection detection in clinical samples was relatively low (7.3%) and the majority (57.1%) were among patients older than 16 years of age. This generally correlated well with the published data on the incidence of similar infections elsewhere \[Al‐Toum et al., [2006](#bib2){ref-type="ref"}; Kaplan et al., [2008](#bib29){ref-type="ref"}; Yüksel et al., [2008](#bib53){ref-type="ref"}; Zaraket et al., [2009](#bib55){ref-type="ref"}\]. Influenza B, parainfluenza virus‐1, and parainfluenza virus‐3 accounted for a relatively small number of lower respiratory tract infections among the patients in this study. However, human coronavirus‐229E, human coronavirus‐OC43, or parainfluenza virus‐2 was not detected in any of the patients\' samples. Other studies, albeit few, have reported the detection of coronaviruses and parainfluenza virus‐2 in infants and children with lower respiratory tract infections \[Vabret et al., [2001](#bib48){ref-type="ref"}; Drosten et al., [2003](#bib14){ref-type="ref"}; Ksiazek et al., [2003](#bib30){ref-type="ref"}; Rota et al., [2003](#bib44){ref-type="ref"}\].

In this study, virus was most frequently (42%) detected in nasopharyngeal aspirates than in nasopharyngeal swabs (29.2%), bronchoalveolar lavage (23.6%), or in tracheal aspirate (5.2%). Indeed, in adult and mixed adult--pediatric populations, nasopharyngeal aspirates were shown to have advantages over nasopharyngeal swabs for the identification of influenza viruses \[Covalciuc et al., [1999](#bib12){ref-type="ref"}; Lieberman et al., [2009](#bib33){ref-type="ref"}\]. Also Gruteke et al. [2004](#bib21){ref-type="ref"} found that nasopharyngeal aspirates were important for the isolation and detection of any respiratory virus.

Most of the patients were admitted to hospital during the autumn and winter months of October to March. This is generally in line with reports published previously \[Al‐Hajjar et al., [1998](#bib1){ref-type="ref"}; Wahab et al., [2001](#bib49){ref-type="ref"}; Al‐Toum et al., [2006](#bib2){ref-type="ref"}; Farshad et al., [2008](#bib16){ref-type="ref"}; Kaplan et al., [2008](#bib29){ref-type="ref"}\].

A major observation in this study was that in 71.6% of patients admitted to hospital, the etiological agents could not be detected although very sensitive methods were used. Clearly, therefore, it would be very important for us to investigate the role of a number of other viruses such as human metapneumovirus, bocavirus, the new human coronavirus‐NL 63, and polyomaviruses WU and KI that have been described recently \[Naghipour et al., [2007](#bib38){ref-type="ref"}; Bialasiewicz et al., [2008](#bib6){ref-type="ref"}; Foulongne et al., [2008](#bib17){ref-type="ref"}; Hindiyeh et al., [2008](#bib26){ref-type="ref"}; Ren et al., [2008](#bib43){ref-type="ref"}\]. Indeed, in a very small pilot study involving 54 negative samples from this study, 16.7% were found to be positive for human metapneumovirus by PCR (data not shown).
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